Recently, the heavy metals are known for their toxicity to living organisms and natural environment. In the present study, we have removed Ni 2+ and Cd 2+ ions from synthetically prepared waste water under batch experiments using the waste leaves of Quercus leucotrichophora as low cost adsorbents. The adsorbent was characterized by FTIR and FESEM methods and the batch experiments included contact time, pH, dosage, temperature and concentration. The adsorption of metal ions was found maximum at the optimized conditions such as contact time 60 min, dosage 1 g, pH 5 and lower metal ion concentrations. The percentage adsorption at contact time 60 min, dosage 1 g and pH 6 was found 50.2, 51.0 and 74.0% for nickel and 38.8, 29.9 and 70.1% for cadmium. The adsorption data under selected batch system have been tested with Langmuir, Freundlich isotherm models, pseudo first order and pseudo second order kinetic models. Langmuir isotherm model and pseudo first order kinetic model were best fitted to adsorption of nickel and cadmium onto waste leaf powder of Quercus leucotrichophora.
INTROdUCTION
Heavy metals are recently known for their hazardousness to all living organisms and natural environment. Due to industrialization and urbanization, the problems related to heavy metals have become a major issue in the world. The common heavy metal contaminants are lead, cadmium, mercury, chromium, nickel, copper, arsenic and zinc. Such contaminants are not biodegradable and remain persistent in the nature for a long time 1 . Some of heavy metals are beneficial for daily vital activities in the living organisms under the concerned limits but many of them are definitely harmful even at very low concentrations. In human, heavy metal are deposited in tissues and organs through drinking water and food chains 2 . Nickel is an essential element in the metabolic pathways in human and other organisms but beyond the limits, nickel is a potential toxicant and carcinogen. The toxicity of nickel (Ni) depends on the way of exposure, concentration and solubility of nickel compounds in water. It causes nausea, vomiting, respiratory problems, weakness and gastrointestinal distress [3] [4] [5] [6] [7] . Cadmium (Cd) is a non-essential element and enters the water bodies through industrial processes like electroplating, metallurgical, pigments, batteries, plastic, ceramics, alloying etc. It causes lung damage, hepatic injury, hypertension and renal dysfunction [8] [9] [10] [11] [12] [13] [14] .
The commonly used methods for the removal of heavy metals from water and waste water are precipitation, electro-winning, reverse osmosis, membrane filtration, ultrafiltration and adsorption. The adsorption based removal of heavy metals utilizing a low cost and readily available adsorbent is a better alternative over the all conventional methods 2, 15 . The characteristics of this technique are excellent efficiency, low cost, simple, no much additional charges for the operation, minimization of chemicals and prevention of harmful chemical wastes. Using any biomaterial, the adsorption process depends on physic-chemical interactions, complexation and chelation of metal ions with the different functional groups present on the surface of adsorbents ---and amino groups [17] [18] [19] [20] . The plant Quercus leucotrichophora is abundantly found in mid-elevational central Himalayas. It is medium or large broad tree have leathery dull green leaves. The waste leaves of the plant were collected from the Kumaun region of Uttarakhand (India).
MATERIAL ANd METHOdS

Preparation of adsorbent and waste water
All the chemicals used in the experiment were of analytical grades and glassware and bottles firstly washed with double distilled water and then dried. The collected waste leaves were washed with double distilled water and dried for 3-4 days in the laboratory. Now, leaves carefully heated under controlled conditions at the temperature between 65-70 0 C in a tray dryer for removing the moisture from the leaves. The well dried leaves were sieved in particle size 0.125 mm and preserved in air tight bottles. The leaf powder was characterized by FT-IR and FESEM methods. Stock solution of waste water containing 1g/l of Ni ++ and Pb ++ ions was prepared by dissolving cadmium acetate Cd (CH 3 COO) 2 and nickel sulphate NiSO 4 in deionized water and the pH of this solution maintained 4 using a digital pH meter. All working solution with different concentrations and pH were prepared by diluting the stock solution. The pH of all solutions has been maintained by using 0.1N HCl and 0.1N NaOH.
Adsorption study
The adsorption study has carried out under the batch system and the parameters included contact time, temperature, pH, concentration and dosage. For that, a requisite amount of adsorbent treated with a desired working solution at a constant shake 200 rpm. After that, the content filtered and metal ion concentrations have been determined in the filtrate by using Atomic Absorption Spectroscopy, AAS (Model Thermo Fisher Scientific Model AA301). The parameters contact time 10-70 min pH 2-6, concentration 10-50 mg/l, dosage 0.2-1.0 g and temperature 10-60 0 C have been applied for the batch operation. The percentage removal or adsorption is calculated by using the formula:
Where Co Ce are the metal ion concentrations before and after adsorption
RESULTS ANd dISCUSSION
Characterizations of adsorbent:
Fourier transform spectroscopy is used to collect high resolution data over a wide spectral range. This spectroscopy is based on interference of electromagnetic radiation and explains the presence of different functional groups on the surface of adsorbents. These groups generally participate in the interactions with metal ions; FT-IR spectra of adsorbent of the leaf powder are obtained in the range 4000 to 500 cm -1 (Fig. 1) . The broad peaks obtained at 3450 cm , 1010 cm-1 and 750 cm -1 indicates the presence of groups such as -OH, -NH, -C-H (aromatic), =C-H, C=O, C=C, C-C etc on the adsorbent surface. The Field Emission Scanning Electron Microscope (FESEM) observes the morphological behaviour of adsorbent's particles. This technique is applied for the small particles (nano-scale) and provides topographical and elemental at magnifications of 10x to 3000,000x. Field-emission Scanning Electron Microscope works with electrons and these electrons releases by a field emission source. The electrons are focussed and deflected by electronic lenses and a smooth beam bombards the object. A well-defined shape of adsorbent's particles before the adsorption is shown in the Fig. 2 and their modifications after adsorption is well observed in Figure 3 .
adsorption of these metals increases with the contact time from 10 to 60 min (Fig. 4a) (Fig. 4b) . At 0.6 g, the adsorption is found 39.7 and 16.8% for Ni ++ and Cd ++ ions and the maximum adsorption efficiency is observed 51 and 29.9% for Ni ++ and Cd ++ ions at 1g of adsorbent 1 . The most important parameter for the adsorption is the pH of working solutions; usually at lower acidic pH, the adsorption is found minimum (Fig.5a ) due to the protonation of organic binding groups and a repulsion between such groups and positively charged metal ions 22 . The availability of electron bearing or negatively binding groups is more at higher acidic pH values. The removal or adsorption efficiency for Ni ++ and Cd ++ ions is found 18.1 and 20.2% and then it increases very efficiently to 74 and 70.1% at pH 6.
Effect of temperature and concentration
The adsorption of metal ions on the surface of adsorbent increase with the applied temperatures in batch operation but after a certain temperature it becomes constant or decreases due to dissolution of metal ions in the working solution from the adsorbents (Fig. 5b ) 23 . At initial temperature 10 0 C, the percentage adsorption is observed 49.7 and 30.9 % for Ni ++ and Cd ++ ions and increases to 57.4 and 41.4 % at 50 0 C and after that it becomes constant. The adsorption process is also depending on the variation of concentration, the amount of metal ions adsorbed per gram of adsorbent increases with the concentration (Fig. 5b) but the efficiency of adsorption decreases; it may due to the evolution of a motive force of concentration variations 19, 24 . At 10 mg/l, 3.61 and 1.99 mg/g Ni ++ and Cd ++ ions have been and removed and increased to 5.39 and 3.14 mg/g at 50 mg/l (Figure 6a) . 
Isotherm and kinetic models Langmuir and Freundlich model
Langmuir isotherm model is related to the single layer adsorption of metal ions on a homogeneous surface containing a finite number of active or binding groups. It is also useful in the determination of binding capacities of adsorbents 1 
.
All constants of this model have been calculated by using the following linear form of the equation.
Where; K 1 and A are the adsorption capacity (mg/g) and rate of adsorption (L/mg); Q e and C e are the amount of metal ions absorbed on the adsorbent's surface and equilibrium concentration. The values of K 1 and A have been calculated as 5.995 mg/g and 1.001 L/mg for nickel and 3.711 mg/g and 1.111 L/mg for cadmium from the graph C e /Q e vs C e (Fig. 6b) . The values of regression (R 2 ) are found 0.927 for nickel and 0.9743 for cadmium indicating a favorable mono layer adsorption (Table 1) 
21
. The characteristic dimensionless factor of Langmuir model i.e. R L can be mathematically defined as.
Where; A is the rate of adsorption (L/mg) and C e is equilibrium constant (mg/l). The values of R L are found less than one in all cases of initial metal ion concentrations. It also indicates a favorable adsorption of metal ions on the homogeneous surface of adsorbent. The Freundlich isotherm model is concerned with the adsorption of metal ions on a heterogeneous surface and explains the adsorption of metal ions from diluted solutions 21 . A linear form of Freundlich model is given as below.
Where; K 2 and 1/n are the Freundlich constant related to adsorption capacity and adsorption intensity and their values have been calculated as 2.382 mg/g and 0.2012 for nickel and 1.174 mg/g and 0.2538 for cadmium from the graph log Qe vs log Ce (Fig. 7a) . Q e and C e are the amount of metal adsorbed per gram of adsorbent and equilibrium concentration (mg/l). 
Pseudo-first and Pseudo-second order model
The kinetic study of adsorption explains very clearly the rate of adsorption in a batch operation. It also helps in the designation of optimized conditions for a significant metal ion removal 25 . Lagergren's pseudo first order kinetic model6 is mathematically represented as below.
Where' Q and Q t are the amount of metal adsorbed at equilibrium in mg/g and at time t; k f is the rate constant in min -1 . The value of k f is calculated as -0.027 and -0.0262 min -1 for nickel and cadmium from the graph ln (Q-Q t ) (Fig. 7b) . A high regression value (R 2 ) for nickel and cadmium indicates better applicability of pseudo first order kinetic model (Table 1) . Pseudo second order model is related to the dependency of adsorption rate on the unoccupied binding sites 23 . It is mathematically represented as below:
Where' k s is the pseudo second order rate constant in g/mol min; its values have been calculated as 0.269 and 0.0867 g/mol min for nickel and cadmium. The regression value (R 2 ) found 0.9606 for nickel and 0.8731 for cadmium which indicated the better applicability of pseudo second order model for nickel (Table 1) . 
CONCLUSION
The leaves of Quercus leucotrichophora have been found good adsorbents for the removal of nickel and cadmium from synthetic waste water. The observed optimized conditions like contact time 60 minutes, adsorbent dosage 1 g, pH 5 and lower metal ion concentrations can be used for maximum removal of nickel and cadmium under batch conditions. The adsorption capacity of adsorbent is much good for nickel than cadmium. Langmuir isotherm model and pseudo second order kinetic models are best fitted in the equilibrium data of adsorption.
